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Epidemic typhus (ET) is caused by Rickettsia
prowazekii, a small obligate intracellular bacterium
that lives within endothelial cells (ECs). This
speciﬁc location causes generalized vasculitis with
increased vascular permeability, oedema, and
inﬁltration of leukocytes around vessels and sur-
rounding tissues, which causes multifocal inﬂam-
matory lesions within different organs [1]. We
recently demonstrated that infection of ECs with
R. prowazekii increases the migration of leukocytes
across ECs [2], suggesting a mechanism for the
extravasation of leukocytes during ET. The tran-
sendothelial migration of leukocytes is a complex
process initiated by numerous cell transmembrane
receptors such as integrins [3]. Integrins are a large
family of heterodimeric glycoproteins with dis-
tinct cellular and adhesive speciﬁcities. Speciﬁ-
cally, av integrins are the main integrin subfamily
involved in cell migration [3] and angiogenesis [4].
The aim of this work was to study the effect of
R. prowazekii infection of ECs on peripheral blood
mononuclear cell (PBMC) adhesion and the
involvement of integrins in this process.
The Breinl strain of R. prowazekii was propa-
gated as recently described [2]. Heat-killed organ-
isms were obtained by heating at 60C for 30 min.
Murine lung microvascular ECs (L2) were cul-
tured in DMEM ⁄ F12 containing 10% fetal bovine
serum and 1% EC growth factor (Cambrex
BioSciences, Verviers, Belgium), and murine
PBMCs were prepared as recently described [2].
EC infection was performed as follows [2]. ECs
were seeded in gelatin-coated plates or slide wells
until tight conﬂuence was achieved, and infected
with R. prowazekii (bacterium ⁄ cell ratio of 50 : 1)
for 6 h at 37C. PBMCs were added to ECs for
24 h, and PBMC–EC adhesion was determined by
microscopic examination or colorimetric assay.
First, PBMCs associated with ECs were counted
on May Gru¨nwald Giemsa-stained slides, and the
results were expressed as the number of adherent
PBMCs by ﬁeld. Second, cells were ﬁxed with 1%
formaldehyde, and incubated with rat anti-mouse
CD45 (1 : 1000 dilution; BD Biosciences, Rungis,
France) antibodies for 30 min and then with
6 mg ⁄L biotinyled anti-rat IgG antibodies (Beck-
man Coulter, Roissy, France) for 30 min. The
reaction was visualized with peroxidase-labelled
streptavidin (Beckman Coulter) with diamino-
benzidine (Sigma Aldrich, Saint-Quentin, Fall-
avier, France) as substrate, and the absorbance at
492 nm was measured using a CytoFluor ﬂuores-
cent plate reader. In inhibition experiments,
infected ECs were incubated with 10 mg ⁄L argi-
nine–glycine–aspartate (RGD) peptides (Neosys-
tem) or 30 mg ⁄L monoclonal antibodies directed
against avb3 integrin (anti-CD51; BD Biosciences)
for 30 min before addition of PBMCs. Results are
shown as means ± standard deviation of three to
ﬁve experiments. Statistical analysis was per-
formed with a Mann–Whitney U-test. Differences
were considered signiﬁcant at p <0.05.
R. prowazekii infection of ECs led to increased
adhesion of PBMCs to ECs (Fig. 1a). This was
speciﬁc for viable organisms, as the infection of
ECs with heat-killed bacteria did not affect PBMC
adhesion. In another set of experiments, we
showed that RGD peptides signiﬁcantly reduced
the increased adhesion of PBMCs to infected ECs
(Fig. 1b), suggesting that integrins were involved
in PBMC–EC interaction. We also demonstrated
that avb3 integrin was involved in increased
adhesion of PBMCs to infected ECs, as the pre-
incubation of infected ECs with speciﬁc antibod-
ies resulted in signiﬁcant decrease of PBMC
binding (Fig. 1c). Irrelevant antibodies did not
affect PBMC adhesion to infected ECs (data not
shown).
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In ET, the extravasation of leukocytes is critical
for the establishment of the disease in humans and
animals [1]. Themechanisms that govern leukocyte
extravasation have not been studied in detail. We
demonstrated here that R. prowazekii infection of
murine ECs increased binding of PBMCs to
infected cells through avb3 integrin. This may have
resulted from a direct effect of R. prowazekii on the
surface properties of ECs or from an indirect effect
due to the release of inﬂammatory molecules by
infected cells. We have recently demonstrated that
R. prowazekii infection of ECs induces an intense
inﬂammatory phenotype in ECs, and also in
PBMCs through the release of inﬂammatory cyto-
kines and chemokines by infected ECs [2]. It is
likely that R. prowazekii infection of ECs leads to
increased expression or activity of avb3 integrin, as
found in macrophages infected with Coxiella bur-
netii [5]. Leukocyte recruitment to the vessel wall
initiated by the infected endothelium may consti-
tute a key pathophysiological mechanism in the
endothelial damage accompanying ET, because
leukocytes are known to release toxic molecules
such as oxygen radicals and proteases. Our exper-
imental model provides the opportunity to exam-
ine the interaction of infectedECswith other blood-
derived cells such as macrophages and platelets,
which probably modulate the course of ET in
humans.
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Fig. 1. Endothelial cell (EC) infection and peripheral blood
mononuclear cell (PBMC) binding. Conﬂuent ECs were
infected with Rickettsia prowazekii organisms (bacte-
rium ⁄ cell ratio of 50 : 1) for 6 h, and PBMCs were added
(4 · 105 ⁄well) for 24 h. (a) PBMC adhesion to ECs was
determined. (b) ECs were incubated with RGD peptides
30 min before addition of PBMCs. (c) ECs were incubated
with 30 mg ⁄L monoclonal antibodies (mAbs) against avb3
integrin (anti-CD51) for 30 min before addition of PBMCs.
Results are shown as means ± standard deviation of three
to ﬁve experiments. OD, optical density; HK R.p, heat-
killed R. prowazekii.
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